The current carrying capability of both low temperature and high temperature superconductors decreases with the application of a magnetic field. In general, this feature is undesirable, because the current carrying capability and, therefore, the stability margin are lowered even by the self field of the current in the superconductor. Some anisotropic high temperature superconductors, in particular the bismuth and thallium based superconductors, show a resistance that is highly dependent on the amplitude and direction of the applied field[1]- [3] . The resistance change can be several orders of magnitude for a given conductor sample, when exposed to an external magnetic field along the crystallographic c axis compared to the no field condition. Although the field dependency of this special class of superconductors is undesirable in most applications, it appears that in some applications these unique characteristics might lead to innovative solutions. external magnetic field. However, if the magnetic field is perpendicular to the ab plane, a steep exponential reduction with field in the critical current density is observed. By rotating a HTS wire sample along the a axis in a constant magnetic field, the voltage varies as a function of angle 8, as shown in Fig. 2 . The measurements were made at a temperature of 75 K. The test sample was a 1 cm long BSCCO tape with a silver sheath. A constant current of 2.5 A flowed through the sample and the constant extemal magnetic field was 4000 Gauss. The measured voltage drop is directly proportional to the resistance of the sample because the current is constant. The resistance of the sample shows, to a first approximation, a sinusoidal dependence on the angle 8, which is formed by the c axis and the direction of the extemal field. The sample resistivity is the highest, when the field is parallel to the c axis@ = 0).
I. INTRODUC~ON
The current carrying capability of both low temperature and high temperature superconductors decreases with the application of a magnetic field. In general, this feature is undesirable, because the current carrying capability and, therefore, the stability margin are lowered even by the self field of the current in the superconductor. Some anisotropic high temperature superconductors, in particular the bismuth and thallium based superconductors, show a resistance that is highly dependent on the amplitude and direction of the applied field[1]- [3] . The resistance change can be several orders of magnitude for a given conductor sample, when exposed to an external magnetic field along the crystallographic c axis compared to the no field condition. Although the field dependency of this special class of superconductors is undesirable in most applications, it appears that in some applications these unique characteristics might lead to innovative solutions. external magnetic field. However, if the magnetic field is perpendicular to the ab plane, a steep exponential reduction with field in the critical current density is observed. By rotating a HTS wire sample along the a axis in a constant magnetic field, the voltage varies as a function of angle 8, as shown in Fig. 2 . The measurements were made at a temperature of 75 K. The test sample was a 1 cm long BSCCO tape with a silver sheath. A constant current of 2.5 A flowed through the sample and the constant extemal magnetic field was 4000 Gauss. The measured voltage drop is directly proportional to the resistance of the sample because the current is constant. The resistance of the sample shows, to a first approximation, a sinusoidal dependence on the angle 8, which is formed by the c axis and the direction of the extemal field. The sample resistivity is the highest, when the field is parallel to the c axis@ = 0).
While the voltage drop and resistance values of the samples shown in Fig. 2 are rather modest, larger values can be achieved with longer sample lengths. The V-I characteristics of a thallium based short sample is shown in Fig. 3 for a field of variable strength parallel to the c axis.
The sample, which is commercially available, is 10 cm long and is formed in a meander line fashion. The superconductor is Tl2212 on a Lanthanum Aluminate substrate. The sample has outside dimensions of 5 mm2. A detailed description of the sample is given in reference [4] . The figure clearly shows that, with increasing magnetic field, the critical current of the sample decreases. While the sample can carry a current of 0.4 A in the superconducting state with no background field, the current carrying capability is reduced to 0.1 A with an applied external field of 200 Gauss. The resistance of the sample in the flux flow state is limited by the resistivity of the sheath or substrate material. The resistivity of the sheath or substrate material should be high to achieve a large resistance ratio between the resistive and the superconducting state. 
RESISTANCE-FIELD DEPENDENCE OF HTS WIRES
Anisotropic HTS materials show a dependence of the critical current density, and therefore the resistivity, on the direction of the applied magnetic field. With reference to R to 10-1 R for a magnetic field which changes between zero and 800 Gauss. The current through the sample was kept constant at 0.3 A and the temperature was 75 K. The resistance change of six orders of magnitude in a HTS is comparable to the resistance change of a semiconductor, switching between the on and the off state. It appears that the large resistance change can be exploited for some applications. Such applications can be in the form of a variable resistor by changing the magnetic field in a controlled fashion or as a switch. In the case of the switch only two states, one without an external field and one with a large enough external field to saturate the HTS, are necessary.
Thallium based superconductor meander line samples with a total length of superconductor of 1 m are commercially available [5] . This sample would have a resistance of less than the high resistance state would be close to 10 V. By increasing the wafer size it can be envisioned that samples with lengths reaching 1000 m and conductor widths of 0.1 mm can be manufactured. These lengths and conductor widths are necessary for high voltage and high current nonlinear resistors and switches, required for the electrical power industry.
HEAT TRANSFER CALCULATION
The application of the HTS material as a variable resistor or switch is limited by the amount of heat which can be removed from the sample, when it goes into the resistive mode. If the HTS material is deposited on a low thermal conductivity substrate such as the Lanthanum Aluminate substrate, which the Thallium 2212 meander line was deposited on, then the effective surface area for heat transfer calculations will be limited to the surface of the superconductor itself. For our meander line the width was 0.006 cm and the length was 10 cm, resulting in a surface area of 0.06 cm2. As long as the temperature difference between the bath (77 K) and the surface of the HTS is kept below 8 to 10 K, we can expect nucleate boiling at the surface of the sample. While there is a moderate amount of scatter in the data on nucleate boiling in liquid nitrogen, the data can be summarized by the Kutateladze Correlation [6] . Using the correlation and a curve fit, we can obtain results for the nucleate boiling heat flux in liquid nitrogen at 1 arm as shown in Fig. 5 . Using this curve fit and the above surface area results in a heat removal capacity of 0.4 W for the meander line with an 8 K temperature difference between the surface and the bath temperature. If a high conductivity substrate such as sapphire were used, the effective surface area can be increased by a factor of four, because the appropriate surface area would include the area between the meander line segments and the back of the substrate. This would result in a heat removal capacity of about 1.6 W for the meander line of 25 mm2 surface area. If higher heat removal capacities are desired, the surface area between the superconducting meander line can be increased to provide more surface area for nucleate boiling. can be achieved by changing the external magnetic field of a HTS wire, the resistor can be controlled to increase in value with decreasing current, thus obtaining a constant voltage magnet discharge. In this case, the coil current decreases faster than with a linear resistor, allowing the superconducting coil to heat up less. In Fig. 6 the two curves for the current discharge are shown, one for the linear and one for the nonlinear dump resistor. Also the curves for the coil voltage are given. The assumption was made that the resistance of the quenching magnet is still small and the heating in the magnet is negligible. In a practical application it will be sufficient for the resistor to change in value by a factor of three to four from the initial value at the beginning of the quench. The variable dump resistor has the advantage that the dc breaker can be eliminated in the circuit. 2. Fault Current Limiter: A natural application of the low and high resistance state of a HTS wire is as a fault current limiter. A fault current limiter is a device that reduces the short circuit current in an ac system to a predetermined allowable lower value. During normal operation the HTS wire, installed in each phase of a power system, has no external field applied. The resistance value of the superconducting wire is extremely low. If a fault occurs in the system, the fault current is sensed and the background field for the HTS wire is turned on, which results in a resistance increase in the circuit and in a reduction of the fault current. A simplified circuit diagram of a fault current limiter is given in Fig. 7 . Included in the figure is a current sensing unit which measures the initial current rise of the fault current and triggers the current flow for the background magnet. Controlling the value of the background field adjusts the resistance of the superconducting wire and the fault current level. The adjustable fault current feature is a desirable feature for some electric utilities.
3) Current RectGcation: Rectifier circuits, which convert ac power into dc power, can be constructed using HTS wires with a field dependent resistance. Figure 8 shows a singlephase, full-wave rectifier circuit, in which the conventional diodes are replaced by HTS wires, which are subjected to an external magnetic field. Because a set of two conductors will always be either in the low or high resistance state, it is sufficient to have two external fields, with conductors 1 and 2 exposed to one field and conductors 3 and 4 to the other field. The operation is not limited to rectification, but inversion can also be obtained. If the conductors 1 and 2 are placed in the low resistance state during the negative voltage time periods and the load is inductive, then the average load voltage becomes negative and energy is drawn from the inductive load into the source. It can be summarized that the field dependent HTS conductor shows some characteristics of both a solid state diode and thyristor when applied to converter circuits.
V. SUMMARY
Anisotropic HTS conductors show critical current densities and therefore resistance values which are highly dependent on the direction and amplitude of an applied external field. Differences in resistance values by several orders of magnitude can be measured with existing HTS wires. The change in resistance as a function of field can be exploited in designing equipment using the anisotropic superconductors as variable resistors and switches. While results with existing wire samples are limited to small voltage, current and power levels, these results encourage further research.
